Abstract-A zero no-load power (ZNP) ac/dc adapter for electronic equipment with an embedded battery is proposed in this letter. The embedded battery is used as a signal source for the detection of load connection. Depending on the signal of load connection, an operation of the proposed ZNP ac/dc adapter is determined. When the proposed adapter is connected with a load system, the operation of the proposed adapter is the same as that of the conventional ac/dc adapter. While the proposed adapter is disconnected from the load system, the overall proposed adapter is totally turned off. Therefore, the proposed adapter can achieve ZNP consumption. To verify the validity of the proposed adapter, loss analysis and experimental results of 65 W are presented.
I. INTRODUCTION
R ecently, as the number of electronic device increases such as notebook computer, smart-phone, and smart-pad, demand for the ac/dc adapter is also consistently increasing [1] . The ac/dc adapter is the device that converts universal voltage ac power from wall outlets into a desired voltage dc power needed by various electronic devices. The ac/dc adapter is usually connected to the wall outlets with no regard for connection state of the load system. In other words, the ac/dc adapter is often operated without the attached load system. It is generally called the no-load condition. Therefore, under the no-load condition, the ac/dc adapter just wastes power without any power transfer to the load system. This power consumption is called no-load power or standby power [2] . Standby power has been considered as a waste of electric power and it is typically 5-10% of residential electricity use in most developed countries [3] . Moreover, according to growing concerns about environment and strengthening CO 2 regulation, to reduce standby power consumption, all countries of the world impose legal restrictions on standby power consumption such as Energy Star Program [4] and 1 Watt Plan [5] . Among these, the Energy Star Program requires that the no-load power consumption should be less than or equal to 0.3 W at 0-50 W nameplate output power and less than or equal to 0.5 W at 50-250 W nameplate output power [4] .
To meet the standby power regulation, many standby power reduction techniques have been proposed in [6] - [15] . Among several techniques, the burst-mode control [6] and the highvoltage (HV) start-up circuit [8] are commonly employed in the commercial control IC. Moreover, the CAPZero is adopted to reduce the power consumption at discharging resistor R dis for electromagnetic interference (EMI) filter [9] . A no-load power consumption of the conventional ac/dc adapter with these techniques is over several hundred milliwatts [10] - [15] . Although the conventional ac/dc adapter with these techniques meets the no-load requirement [4], [5] with margin, some countries are gradually tightening no-load requirement and some computer manufactures are asking for more stringent no-load requirement, even as low as 30 mW.
In this letter, to meet this requirement and further reduce the power loss under the no-load condition, a zero no-load power (ZNP) ac/dc adapter for electronic equipment with embedded battery is proposed. The proposed method requires an embedded battery in the load (electronic equipment) and an additional wire between the adapter and the load. The embedded battery is used as an independent signal source for the detection of load connection, which is transferred to the primary side to enable the control circuit. By utilizing the load-connection signal, an operation of the proposed adapter is the same as that of the conventional ac/dc adapter during load connection. While the adapter is disconnected from the load system, there is no enable signal for the primary control circuit. Therefore, the overall proposed adapter is completely turned off. As a result, the proposed adapter can reduce the no-load power consumption less than 1 mW. Experimental results of 65 W ac/dc adapter are presented to verify the effectiveness of the proposed adapter.
II. PROPOSED ZNP AC/DC ADAPTER
The structure and the operational waveforms of the proposed adapter are shown in Fig. 1 (a) and (b), respectively. To realize the proposed adapter, a control-IC ON/OFF block (CIOB) and a monitoring of load-connection block (MOLB) are added to the conventional ac/dc adapter. The operation of the proposed adapter is described as follows.
Turning-off the adapter under the no-load condition is the simple method to reduce the no-load power consumption. However, since the conventional adapter may not recognize the connection of the load system, the conventional adapter regulates v O even 0885-8993/$31.00 © 2012 IEEE under the no-load condition. Thus, no-load power consumption of the conventional adapter is over several hundred milliwatts. In the proposed adapter, an embedded battery of the load system v BAT is used as a signal source for load-connection signal v DET to monitor the connection of the load system. The operation of the proposed adapter depends on v DET .
When the adapter is connected to the load system, v DET and a control-IC turn-on signal v CI−ON are "ON." Then, since the CIOB connects a rectified dc input voltage v link to the HV pin of the control IC and a supply voltage of control IC v cc to the V CC pin of the control IC, the control IC starts to regulate v O . While the load system is disconnected, since v DET and v CI−ON are "OFF," the CIOB cuts off v link and v cc from the HV pin of the control IC and the V CC pin of the control IC, respectively. Then, the entire proposed adapter is completely turned off and the power consumption of the adapter can be ideally eliminated. Therefore, the proposed ZNP ac/dc adapter can achieve the ZNP consumption. Furthermore, since the proposed adapter manages connecting v cc to the V CC pin of the control IC and v link to the HV pin of the control IC, it can be implemented with any general commercial control IC.
III. IMPLEMENTATION OF THE PROPOSED ZNP
AC/DC ADAPTER Implementation example of the proposed ZNP ac/dc adapter is shown Fig. 2 . The components list of additional parts, the CIOB and the MOLB, is described in Table I . Details about the functions of the additional parts are described in the following sections. 
A. Monitoring of Load-Connection Block
The MOLB monitors whether the load system is connected or not. For this function, the MOLB generates v CI−ON and sends it over to the CIOB when the load system is connected. The MOLB can be realized by using only one comparator and several resistors as shown in Fig. 2 .
When the load system is connected to the proposed adapter, since v DET and v CI−ON are "ON," optocouplers opto 1 and opto 2 are turned ON. Then, the CIOB connects v link to the HV pin of the control IC and v CC to the V CC pin of the control IC. Consequently, the control IC starts its function. Each resistance can be designed to satisfy (1) . R 3 and R 4 can be designed considering the operating current of opto 1 and opto 2
B. Control-IC ON/OFF Block
The CIOB functions to control the connection of v cc and v link in accordance with v CI−ON which comes from the MOLB. Implementation example of the CIOB is also shown in Fig. 2 .
As described in Section III-A, since v DET and v CI−ON are "ON" during load connection, opto 1 and opto 2 are turned on. Then, Q 1 is turned ON by R 1 and V Z , and v link is applied to the HV pin of the control IC. Consequently, an internal current source of the control IC charges a supply capacitor Cv cc , through the antiparallel diode of Q 3 , i.e., d 3 . After v cc reaches a control-IC start-up level V start−up , the control IC is on start-up phase and regulates v O . While the load system is disconnected, opto 1 and opto 2 are turned off, because v DET and v CI−ON are "OFF." Then, since C 1 is charged by R 2 , Q 2 is turned on and Q 1 is turned off when the voltage of C 1 , i.e., v C 1 , reaches the threshold voltage of Q 2 . Simultaneously, Q 3 is turned off when v C 1 exceeds the sum of v cc and the threshold voltage of Q 3 . As a result, v link is disconnected from the HV pin of the control IC and v cc is disconnected from the V CC pin of the control IC. Therefore, the entire adapter including the control IC is turned off until opto 1 and opto 2 are turned on, i.e., the whole adapter maintains OFF until the load system is connected.
C. Power Consumption of the CIOB and the MOLB
The power consumption of the additional parts can deteriorate the efficiency of the proposed adapter compared to that of the conventional adapter. To obtain the power consumption of the additional parts, the approximated circuit of the additional parts under load connection is described in Fig. 3 .
Based on the approximated circuit as shown in Fig. 3 and the components list in Table I , the power consumption of the CIOB, i.e., P CIOB , under load connection can be expressed as (2) and it is 2.25 mW. Moreover, the power consumption of the MOLB, i.e., P MOLB , can be obtained by (3) and it is 14.1 mW. Therefore, P CIOB and P MOLB slightly decrease the efficiency of the proposed adapter while the adapter is connected to the load system
where V F 1 and V F 2 are the forward voltage drop of opto 1 and opto 2 , respectively. When the load system is disconnected, the CIOB and the MOLB are completely turned off. Thus, P CIOB and P MOLB are ideally zero.
IV. EXPERIMENTAL RESULTS
To verify the validity of the proposed ZNP ac/dc adapter, experimental prototype of the proposed adapter and that of the conventional adapter with the burst-mode control are implemented. System specifications of the prototype are described in Table II . Referred to the design solution in [16] , the flyback converter and the feedback circuit are designed with the components listed in Table III . Fig. 4 shows the experimental waveforms of the conventional adapter with the burst-mode control under the no-load condition. With the burst-mode control, v O is regulated within V o ripple even during the no-load condition, because the conventional adapter cannot recognize whether the load system is connected or not. Thus, the time of burst cycle T Burst is 95 ms and the no-load power consumption is 165 mW. 5(a) and (b) shows the experimental waveforms of the proposed adapter, when the load system is connected with the full-load condition and when the load system is disconnected, respectively. Fig. 6 shows experimental waveforms with the repetition of load connection and load disconnection. As shown in those figures, the proposed adapter is totally turned on and turned off whenever the load system is connected and disconnected. Consequently, the measured no-load power use is greatly reduced below 1 mW at 230 V ac,RMS .
Due to the losses of the CIOB and the MOLB, although the measured efficiency of the proposed adapter is slightly lower under the heavy-load condition and the light-load condition than that of the conventional adapter as shown in Fig. 7 , the average efficiency of the proposed adapter is over 91%. Therefore, the proposed adapter sufficiently satisfies the average efficiency requirement of the ac/dc adapter 87% in the latest Energy Star Program [4].
V. CONCLUSION
The ZNP ac/dc adapter for electronic equipment with embedded battery has been proposed in this letter. The embedded battery is used as the signal source for the detection of load connection. By using the load-connection signal, since the proposed adapter is totally turned off while the proposed adapter is disconnected from the load system, the proposed adapter can achieve zero no-load power. Experimental results of prototype show that the proposed adapter consumes less than 1 mW during the no-load condition. Moreover, the proposed adapter can be implemented with any general commercial control IC with the simple auxiliary circuits, the CIOB, and the MOLB. Therefore, the proposed ZNP ac/dc adapter is expected to be widely used for reducing the no-load power consumption of the ac/dc adapter.
